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\The drift velooity of electrons in A, CO~, A +C02 mixtures, BP’

.. “’PI,

13C13has been moasumd as a fumtion of the field-preemnx$ Yli;iw,+g>p %‘et$~ dri

“%’JJ
velocity in an A + C(I2mixture ia i%und to bo greater than in either component.

This informationwas obtairmd from the obmrvation 0$’the rise time of the pulms

. produoed by the collection of elmtrona in a parallel plate ionization obamber.

A murce of Po alphn partickm produced the necessary ionization.
.
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TIME 03’COLLECTION OF ELECTRONS ?.N’’?%%UZATIONCHAMBERS——

1. Introduction ‘. .fp.

“v C’C),b(J %%.

Tho present investigationwa8 undertaken with the p#@~e;/oheoking

and supplesmnting the existing information on the mobility of e300trons in gases,

The data available in the literature do not appear very consistent, tho reason

presumably being that, at least in the early investigations, the ga~es were not

sufficiently pure. On the other hand, reliable information on the mob~lity of

eleo-tronsis neoessury in order to oaloulate the time of collection of eleotrons

in a given ionization ohamber. It is particularly important from the praotioal

point of viowto determine under what conditions this time of

●
ehortest.

2. Calculation of the Mobility of Electrons in Gas Mixtures

collection is

In this section it will be shown how the mobility of electrons in a mix-

ture of gases oan be computed, if the behavior of the electrons in the pure com-

ponents is known. It is, of course.,assumed that no ohemioal reaotion takes place

between tho gases which form the mixture. A purely phenomenological approaoh will

be followed in order to avoid the introduction of unnecessary hypoth-est For

simplicity, it will be assumed that no electron capture takes pl.aoe.

Consider first a pure gas, in which eleotrons are liberated by some

ionizing agent. In the absonoe of any eleotrio field, tho electrons move at rsn-

dom with au average ener~ equal to the thermal translation energy of the gas

o
mdooules 3/’2k T, where k is the Boltzmsnn constant, T the absolute tempera-

ture. At room temperature 3/2 k T-3.7 x 10
-2 ev. When an eleetric field E is

applied, a drift velocit~ w is superposed to the irregular motion of the eleo-,
,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

●

tronG and their average energy

K(3/2 k T) be the new value of

The values of K and W are determined by an equilibrium condition be-

tween the energy and momentum imparted by the electrio field to the eleotrons and

the energy and momentum transferred by the electrons to tho gas molaoules through

oollif3ions.

For a given gas, the amount of energy transferred per unit time by tha

eleotrons to the gatimoleoules depends on the energy distribution of the electrons

and, for a given energy distribution, it is proportional to the number of colli-.

sions per second, i.e., to the pressure p. At this point we will introduce the

assumption that tho ener~ dietributiionof eleotrons ia uniquely determined by

.
where G is a funotdon of K and

writo:

transfer per second) =

represents the average

pe(K)s

energy tranf3ferper seo-

ond por eleotron in a gas at unit pressure.

The above assumption regarding the

certainly not correut. It is felt, however,

energy distribution of electrons is

that it does not introduce any large

So’tlroo

of the

hardly

of error. On the othor hand, the alternative would be actual calculation

energy distribution of the eleotrons under the various conditions. One can

hapa to carry out this calculation rigorowly, both beCaU68 of mathematical

diffioul%ies and lack of knowledge of the cross-sections for the various types of

collisions.

9

Considering now the momontu?ntransfer from electrons tq gas molecules,

one can easily see that the rate at which this transfer takes plaoe in a given ga~
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depends not only cm the gas preasura

trons, but also on the drift valooity W.

,

sign with W, we can oonsider the momontum transfer proportional to W and write

(average momentum transfer per sewnd) = p W m (K).

Here. ‘x is a fhmction of the average eleotrons energy K and represents

2)
average momentum 30SS per second for W = 1 and p = 1 .

1

tho

The condition that thg average energy and momentum of tho electrons am

c’bnslxintenable us naw to write the to310wimg equations:

e~w=pe(lc) (1)

Ori =pw m(K) (2)

from whioh one sees that 6(K) and m@) can be calculated, for a given gas, if

W and K are measured as functions of E/p.

Consider naw a mixtura of n gases with partial pressures pl, p2,.....pn.

The average energy tranafer pm second from electrons to gas molecules in the mix-

ture i8 given by

1) In most treatises the rate of momentum loss icides~ribod by a moan free~ th for

suabterin~ at unit presmre, L. This L is defined as the average distanoe

between collisions, and the assumption is made that, after eaoh collision, the
motion of the rdoctrone is distributed at random. This lqrpothesisis not true
and for our purposes Unnoceasary. Therofor8 wo prefer using tho oonoopt of
average momentum loss x rather than the concept of mean free path. Formally
the two quantities are related by the equation K= mv/’L (m= mass, v= velo-
city of the electrons). Similarly, the rate oilenergy loss is often desoribed
by asnip@ng the average fractional onorgy A 2of5tper oollision. This quan-

tity is related to e by tho equation
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where ~,(11),‘5~(K).....6n(K)

and computed for the average eleetron energy

Hence Eq. (1) still holds with

G=(P1~P) ~1 (K) ‘(P@ 62 (K) ‘-00~ +

.
where p is the total gas pressure.

Sim%l&r~y Eq. (2) holda with

where %. % .... % are the values for ‘E relative to the various gases. If
.b- G m

the properties of the pure ga6es are

@K), ~(K) .... ~(K) are known as

-themixture (from Eqe. (3) and (4)).

then be solved for W and determine

tk mixture.

given, i.e., if q(~), 62(K) .... en(@;

funotiona of K, 6(K) and ‘x(K)are known for

The two simultaneous Eqs. (1) and (2) oan

therefore the value of the drift velocity in

As an @xample, let us consider a mixture of 90 poroerrtargon, 10 ~eroent

C02. In

field in

what follows, the pres6ure will be measured in mm Hg and “theeleotric

voltE/Gln.
\

The ourves marked A md C02 ti F%+ 1 and Fig. 2 represent 6/0 and tie

for A and for C02 respectively. These curves were calculated from the data in tho

book by Eealey and Reed; “Behaviour of SIOW Electrons % mse8”~ The cuwe~

marked .9 A + .1 C(22in the same figures give the valum of

(G/e) = 0.9 (c/e)A + 0.1 (e/e)CO and
2
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for the mixture. The produot of these

(2), gives (~P)2 as a ticti~ of K

tip = 1 for K = 27, whioh means that 27 (g k T) is the en~rGY of eleotr~s fi t~

mixture when #p s 1. For K = 27, Fig. 2 gives do = 1*35 x 10-7 from which one

calculates the drift velocity at E/p = 1 I

w = (l#p)/ido) = 7.4 x 106 od80c.

It is interesting to

the drift velocities in either

F/p = 1) 6 X 105 and 5.6 X 10s

note that this velocity is considerably higher than

pure argon or pure CO~, whioh are (again for

respeoti.voly● Tho physiaal reason for thin i%ot

oan be 6aaily understood from an analyois of the behavior of electrons in the two

gaw3s. Fig. I shows that the energy 106s of eleotrons in argon is very sma~~ Un-

● til K reaohes a value of about 270 (which corresponds to 10 ev] and then starts

rising abruptly, while in C02 tho energy loss ie already largo for mall vahxm’of

K and rises steadily with increasing K. This is due to the faot tlmt in argon

no inelastio collisions occur unless the electrons have an energy larger than the

fir8t excitation level, which i8 of the order of 10 ev. h ~2 hcwevor illekStiC

aollieions oocur very frequently already for

the large number of low excitation leve16 of

pure argon oven with moderate values of E/p,

high, i.e., of the order of 10 ev. Addition

small eleotron energies, becauoe of

the C02 molecule. It follows that in

the Werago e~eatron energy is quite

of 10 peraent 002 outs down this

energy very considerably (to about 1 volt with~p = 1).

On the other hand, Fig. 2 shcwu that the average momentum 1OS$ in argon

cteoroasesrapidly with decreasing oleotron enargy. This is essentially due to the

deoroase of the elastio scattering cross-section with energy, known a6 the Ramsauar
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from the

~~nc~ one can say that the main effect of a small addition ~f 002 to A is to brtig

I& average electron energy from a high value, for whiGh fi is larg~, to a low

Va~UO, f’Orwhioh ‘X is mall. This inoreases tha electron nobility becau8e this

quantity is invereely proportional to ‘K.

As ooxnparedwith pure COz, the drift veboity in the mixture is lerger

because the C02 is more diluted. In other words the drift velocity that one ob-

tains in one atmo8pherb of 0.9 A plus 0.1 002, with a given eleotric field, is not

muoh smaller than the mobility that one would obtain with th@ game field in 0.1

atmo8phere8 Of C02 &lOne.

3. Earlier Measurements of the Drift Velocity W and the Average Enn~

● Agitation K

Most Of the

by a method developed

oithor thwmionically

electrio field between two parallel plates. 2k? lower plate has three collecting

electrodes. A unii?orm~gnetio field H is applied in a direotion ndrml to that

of the electric field E. ~ measurement of the angular deflection 8 of th~

eleatron beam, Townsend was able to oalculate the drifis velooity W by zsee.nsof

early measurements of the drift velocity W have been made

originally by Town8end. In this method eleotrm.m produced

or photo-elootrioally are allowed to mare in a uniform

the relation

tan 8 = (I##E).

E may also be meamred by Townsendfs method in the following manner?

tho absenoe of the magnetic field the elootrons will drift in the direotion of

m

the
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outor aollmting eloctrcdes. The ratio of the earrent colloctod @ the outor to

that Golleot@d by kha oontral eleatrcde is dokpmined for various values ofR/p

and then K ctanbe determined from a eolution of tho diffusion equation.

l%aileyand Heahy have used methods s~milar to that of Toammnd. Most

of the data given h the book, ‘tThe~haviour of Slos Eleotrcns in Gase8m, h~e

bmn measured in this manner. )

llradburyand Nielson developed an elao’tronshutter, origtially tivented

by Loob for a different purpose. !NLi3shutter oonsists’of a grid of fino pnrallel
,

wira~ aepnmtod by a dislxumo of 1 mm and insuls.tod

wires are conneoted to tho opposite terndmals of an

o
cnmncies of 104 to 107 cycles per second.

from one another. Alternate

oscillator operating at fre-

A potential dii?f!erenoeof some tens of volts applied to suoh a pair of

wires makes them able lx oatoh all the free electrons in their neighborhood or be-

tween them. Suoh a grid is t~ansparent to electrone for a very short timo only

when it is passing through zero potential diffe??enco. Tn praotioe two such

ehvtters are used, and from R kncwk3dg6 of t$eir soparntion and the frequency of
. .
the oscillator the time required for an electron to pas5 between the two ahnttem!

.

can be determined.

4. Tho Direct Moasuronent of the Electron Collection Timo in an Ionization Chamber.—— —..—--------

The present kvestigation was undertaken for the following reasona. Muoh

of the existing information on electron drift velocities is neither very aocurate

nor consistent.

investigated end

In

no

additioti,many of the gaaes used in ion ohambers have no% been

mwunnxmmnts of the collection timo in an A-CQ mixbure have
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been reported. Finally, a more direct method Of~~~@$n%mg-”%h~~Q%~Of t~ Pu~s~
‘~’rI~t..r,{rV,~ ‘]~ilo~~TybK1.AssiFfcATfoN CO?.1...iTTEE

produoed by an ionization chamber is desirable.
.’ 1::

A diagram of the parallel plate ionization ohamber and gas purifier is

shmn in Fig. 3. The high voltage electrode Awaa a oiroular steel diek 2“ in dia-

meter supportod by a rod through a Kovar poroelain insulator. The separation be-

tween the eleotrode A and the oollec%or O was 16 mm. A Po alplm-psrticle source at

S produoed a thin beam indicated by the dotted line. Gas was admitted to the

clwmber through a needle valve equipped tiitha metal bellows instead of a paoking

gland.

“ The gas purifier consisted of a steel tube containing several grams of

calcium pellets. A small quantity of glass wool at either end of the tube pre-

vented calcium pomler from entering the ion ohambor. The purifier could be heated

to 350° C by means of a ooil wound on a layer of asbestos paper around the steel

tube. The gas filling procedure consisted in evacuattig the sy8*em, outg-sing the

purifier at 350° C for several hours and finally torohing

temperature of about 150° C. The ga8 was atitted to the

cooled to room temperature.

the ion ohamber

syskernafter it

to a

had

A block diagram of tho amplifiers and oweep oirouits uned for meaouring

the eleotron collection time is shown in Fig. 4. The low frequency out off of the

amplifier was determined by a time constant of 20 miorosooonds in tho grid oirouit

of the first tube of the main amplifier. The output of the main amplifier was con-

nected to a one microsecond delay line and also to a pulee discriminator. The dis-

criminator triggered a sweep oirouitieach time a pulse was recorded. Since a time

o
of about 0.2 pee

cau8ed the pUlSe8

was required to

to appear about

8tart the sweeps tho one mioroseoond delay

0.8 ~eo from the beginning of the sweep. Tests
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entire 4~oa;1‘amplifier was about 0.2 microsecond and the gain was 3.5 x 10 .
-s.rp

“’”*Tpze

The argon was obtained from an Ohio Chemioal Co. tank and was 99 peroent

After the dumber had been filled to the desired pressure the purifier waspure.

operated at 300° C for an hour. Measurements of collection time and puke height

wore taken with tho purifier at room temperature. Pressures of 8$0, 1100, 10S0

and 2080 mmEg were used. Within the experimental errors, W was found to be a

function of E/p, as anticipated.
.

The data for eleotron collection in ergon is plotted in Fig. 5. Curve A

represents the drift velooity as a function of E/p with the &particle6 parallel

o to the aondonser plates and ourve B represents the drift volooity measured in an-

other chamber with the oLpartiole beam perpendicular to the oondeneer plates.

Curves C and D, respectively, represent the data of Townsend and Bailey and of

Bradbury and Nielson for the drift valocity. The pulse height as a funotion of

Q/p i. given in ourve E.

.

C02
,

The C02 gas was obtained from an Ohio Chemical Co. oylinder and was h-

troduoed into the chamber without further purification.The pressure ti6edwas 890

mm Hg. The pulse height ob6erved was much smaller than for argon under tha same

conditions. However, after the purifier containing oalcium had been heated for an

o

hour at 140° 0 tho pulse ~eight increased to a value about 0.8 that o~sarved for

argon.
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ourve

as a funotion of E/p9 aocording to our measurements.
““l:ti?pze“

A+C02 ,

In order to meamre the drift

chembor was filled with A to a prmsure

as before. Sufficient C02 was added to

heated to 140° C in order to purify tho

velocity in a mixture of A and C02 the ion

of 840 mm Hg and then the gas was purified

make the mixture and then the purifier wao

C02●

Curves A and B of Fig. 7 repre8ent the drift velocity in .9 ~ + .1 C02

and -95 A + .05 CO~U Ourve Cwas oalculatod for a mixture of .9 A + .1 (!O2by the

o
method described in seotion 2.

BF3

The BF3 gas was prepared by Horaoe

(laawae taken from an Ohio Chemical Co. tank

Russell from two different sources.

and passed through a tube containing

M-1?and condonsed in a trap cooled with liquid nitrogen. The gas was pumped and

melted twice in this trap and no non-condensable gas was present at the la~t

freezing. The second souroe of BF3 was the compound C#5N2BF4, whioh was oare-

fully dried md thermally decdposed in a vaaunn. Analysis by the

dicated tkuxtthe gas was frcm 99.7+99.8 poroent pura.

The drift velocity as a fun~tion of E/p for four munphs

HCN method in-

of BF% is given

in Fig. 8

0 pressures

and the pulse height as a ftanotionof R/p is given in Fig. 9 where the

used aro also indicated.

The drift velocities observed in the four samples agree reasonably well.

However, there is considerable difference in the values of the pulse height ob-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.%.

served at a given value of

-13-

the four

presence of-some impurity in the BF3 which causes appr~~iable

BC13

BC13 was obtained from Columbia University in a sealed ampoule and was

guaranteed to be 99.5 peroent pure. The ion chamber was evaouatod, torched and

filled ko a preemre of 381 mm of Hg. Several days later the BC~ was removed

flxxnthe ion chamber frozen and pumped and 1./2sample distilled from C02 ice trap

and disoarded. The remainder was returned to the ion chamber. The purpose was to

remove any HCI whioh may have been formed by hydrolysis. !Chefinal pressure was

191.5 m of Hg. No eleotron pu18e~ could be observed for either of the fillings,

o which indioate6 large electron capture.

#

Corlolusion

Our nwasuremants give, for the drift velocity in

of the 6ame order of magnitude as the publi6hed data. The

tures of argon and C02 was found to be considerably larger

argon and C02,

drifi veloaity

t@n in either

Value8

in mix-

compo-

nent, in qualitative agreement with the theory. Iarge drift velocities were found

in BF3. We wish to emphasize that the6e are to be considered only as preliminary

results and that further measurements are de~irable.
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